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RION diseases are amyloidoses with the distinction of being transmissible between organisms. Amyloid is a highly ordered, fibrous aggregate of protein in which each protein monomer has a similar misfolded conformation. Although it is not clear how amyloid arises, once present it continues to propagate by recruiting the soluble form of the protein and converting it into the same misfolded form as it joins the aggregate. Replication of prions is thought to occur when fibers break into more numerous pieces, either spontaneously or through the action of protein chaperones. As in mammals, certain proteins of the yeast Saccharomyces cerevisiae can misfold and propagate as prions that possess amyloid properties and are efficiently transmitted between strains and to daughter cells. Since yeast cells propagating prions are viable, they provide a valuable system to study various components of cellular machinery involved in prion propagation .
By binding exposed hydrophobic surfaces of proteins, the universally conserved Hsp40 and Hsp70 family molecular chaperones help other proteins attain native conformations, prevent partially unfolded proteins from aggregating, and help disaggregate and refold damaged proteins (Bukau et al. 2006 ). Hsp40's can act alone as chaperones to inhibit protein aggregation, but their primary roles are as cochaperones that assist Hsp70 and regulate its activity. Ydj1p is a major cytosolic Hsp40 of yeast that regulates Hsp70 function in many important cellular processes, such as transport of proteins across membranes, targeted degradation of misfolded proteins, and protection of nascent chains against degradation (Caplan et al. 1992a; Lee et al. 1996; Mandal et al. 2008) .
Altered expression of Hsp40 and Hsp70 strongly influences the dynamics of yeast prion propagation. ] are selfreplicating misfolded forms of the Ure2, Sup35, and Rnq1 proteins, respectively. Overexpressing Ydj1p cures cells of [URE3] but another Hsp40, Sis1p, has no effect (Moriyama et al. 2000; Kryndushkin and Wickner 2007; Lian et al. 2007) . Conversely, Sis1p is essential for [PIN 1 ] propagation but Ydj1p is dispensable (Sondheimer et al. 2001; Lopez et al. 2003; Aron et al. 2007) . It was suggested that the difference in effect of Ydj1p and Sis1p on [PIN 1 ] is related to specific Hsp40/ Hsp70 interactions (Lopez et al. 2003) . With regard to [PSI 1 ], Ydj1p is dispensable and was shown to eliminate weak variants of this prion, but only when the cytosolic Hsp70 Ssa1p is also overexpressed (Kushnirov et al. 2000; Jones and Masison 2003) . Overexpressing Ssa1p, but not the nearly identical Ssa2p, antagonizes [URE3], and cells lacking both Ssa1p and Ssa2p cannot propagate [URE3] (Schwimmer and Masison 2002; Sharma and Masison 2008) . In vitro, both Ydj1p and Ssa1p inhibit Ure2p amyloid formation (Lian et al. 2007; Savistchenko et al. 2008) . These latter observations suggest that Hsp70 and Hsp40 each interact with Ure2p in vivo, and it has been proposed that Ydj1p and Ssa1p cure [URE3] by binding Ure2p and inhibiting its ability to form amyloid in cells (Lian et al. 2007; Savistchenko et al. 2008) . Such a mechanism has not been confirmed experimentally.
Here 
MATERIALS AND METHODS
Strains, growth conditions and plasmids: Yeast strain 1075 (MATa, kar1-1, P DAL5 TADE2, his3D202, leu2D1, trp1D63, ura3-52 [URE3]) (Sharma and Masison 2008) was used for routine curing experiments. Isogenic diploid strains 1229 (YDJ1/ ydj1TKanMX) and 1252 (YDJ1/ydj1TKanMX and URE2/ure2T URA3) were constructed by crosses and standard gene replacement (Rothstein 1991) . Strains were grown at 30°u nless indicated. Media are as described (Sherman 1991 ) with slight modifications. To enhance red pigmentation of strains lacking [URE3], solid rich medium (1/2 YPD) contains 0.5% yeast extract instead of the usual 1%. YPAD liquid medium is similar but lacks agar and contains 1% yeast extract and 400 mg/liter adenine. Synthetic dextrose (SD) media contain 7 g/liter yeast nitrogen base, 2% dextrose, required nutritional supplements, and limiting (9 mg/liter) adenine.
Plasmid pRS423 and pRS426 are multicopy HIS3-and URA3-based vectors, respectively (Sikorski and Hieter 1989) . Plasmid p423YDJ is pRS423 with YDJ1 and 500 bp of 59 and 39 flanking DNA inserted at the BamHI site. Plasmid p423YDJ-AA was engineered by site-directed mutagenesis to have an AatII site immediately preceding the initiator ATG codon and AgeI site immediately following the TAG termination codon. Plasmid p426YDJ-AA is pRS426 with the BamHI fragment from plasmid p423YDJ-AA. Plasmids pDCM12 (Masison et al. 1997 ) and pDCM16 (Masison and Wickner 1995) are single-copy HIS3-based plasmids with URE2D2-65 (lacking codons 2-65) and intact URE2, respectively.
Mutagenesis and screening: YDJ1 was amplified with a 59 primer containing an AatII site and a 39 primer containing an AgeI site using the Stratagene GeneMorph II Random Mutagenesis kit. We used 3.5 micrograms of target DNA (in a 50-ml reaction) and 22 amplification cycles. The reaction products were purified using the QIAGEN MinElute kit, digested with AatII and AgeI, purified from agarose gels after electrophoresis, and then ligated to p423YDJ-AA digested by the same enzymes. The ligated DNA was used to transform Escherichia coli DH5-a and plasmids were isolated from a pool of the transformant colonies. This plasmid library was used to transform [URE3] strain 1075. Primary selection was for transformants remaining white on limiting adenine, indicating [URE3] was not affected by the mutant YDJ1 allele. The presence of [URE3] was confirmed by its dominant phenotype and ability to be eliminated by growth on medium containing 3 mm guanidine-hydrochloride, which cures prions by inactivating Hsp104 in vivo ( Jung and Masison 2001) .
Comparison of curing efficiency: Measurements were done by pooling cells from 3-6 of the whitest colonies from the primary transformation plates, suspending them at very low density in YPAD, growing them 15-20 hr, and then spreading onto 1/2 YPD plates to a cell density of 300-500 per plate. Entirely red colonies were scored as arising from cells having lost [URE3] and the presence of [URE3] was confirmed by replica-plating colonies onto SD plates lacking adenine and 1/2 YPD plates containing 3 mm guanidine-hydrochloride. Data are averages of at least two experiments for each allele tested. We note that this method, although clearly defined and highly reproducible, was used to quantify differences rather than to determine absolute values of curing. Many other ways of quantifying frequency or rate of [URE3] loss are possible. Importantly, our method gives a value less than but close to 100% cured cells for wild-type Ydj1p, and any detectable curing in this assay is at least three orders of magnitude higher than the spontaneous loss of [URE3] we observed from the combined empty vector control measurements.
Western analysis: Strain 1075 transformants carrying pRS423 (empty vector), p423YDJ-AA (wild type), and versions of p423YDJ-AA containing mutant YDJ1 alleles were grown to mid-log phase in medium selecting for plasmid maintenance. Cells were collected by centrifugation, suspended in an equal volume of buffer, and broken by agitation with glass beads. Whole lysates were transferred to fresh tubes and clarified by centrifugation at top speed in a microfuge for 10 min. Ten micrograms of protein from the lysates were separated on a denaturing 12% polyacrylamide gel and then transferred to a nylon membrane. The membrane was probed with antibody raised in rabbit against a synthesized peptide spanning Ydj1p amino acids 354-372, followed by horseradish peroxidaseconjugated goat anti-rabbit antibody [BioRad catalog (cat) no. 170-6515] and chemiluminescence (ThermoScientific cat no. 34080). Figure 1A is a diagram of Ydj1p and its structural domains. Ydj1p has an amino-terminal J domain followed by a glycine/phenylalanine-rich region (GF), a zinc finger-like region (ZFLR), a C-terminal peptide-binding domain (CTD), a dimerization motif (not indicated), and a farnesylation signal for membrane localization (F). The J domain is necessary for Ydj1p to stimulate Hsp70 ATPase activity, the GF region is thought to influence substrate specificity, and the ZFLR aids transfer of substrate to Hsp70 (Tsai and Douglas 1996; Lopez et al. 2003; Fan et al. 2005) .
RESULTS

J-domain mutations prevented curing of [URE3]:
The colony color assay we used to monitor [URE3] is based on the P DAL5 TADE2 reporter, in which the ADE2 gene is regulated by the DAL5 promoter (Schlumpberger et al. 2001; Brachmann et al. 2005 ) (see Figure 1B) . The DAL5 promoter is repressed by Ure2p when a good source of nitrogen is available, so on standard growth media containing ammonium Ure2p represses ADE2 expression and cells require adenine to grow. On media where adenine is limiting, cells failing to express Ade2p are red due to accumulation of a metabolite of the adenine biosynthesis pathway. Depletion of Ure2p into prion aggregates when [URE3] is present relieves repression of the DAL5 promoter so ADE2 is expressed and cells grow without adenine and are white. Figure 1B also shows the effect of Ydj1p overexpression on [URE3]. We transformed strain 1075 with a multicopy plasmid (p423YDJ-AA) encoding Ydj1p controlled by its own promoter or the empty vector (pRS423). When selected on medium containing limiting adenine, all pRS423 transformants remained white while all p423YDJ-AA transformants were red. When cells from the pRS423 transformant colonies were grown on YPAD liquid medium and then spread onto 1/2 YPD plates all of several hundred colonies were white, indicating that all the cells from the transformant colonies that were tested had [URE3]. In contrast, 94% of the p423YDJ-AA progeny were red (Table 1) . Less than 10% of these red colonies on 1/2 YPD contained cells that still had the plasmid, indicating that the red phenotype was due to loss of [URE3] and was not dependent on continued high expression of Ydj1p. Thus, [URE3] was highly sensitive to being cured by Ydj1p when overexpressed from its own promoter on a high-copy plasmid.
The functions of conserved regions of Hsp40's have been extensively studied but the importance of the different Ydj1p functions for eliminating [URE3] are not known. We therefore randomly mutagenized YDJ1 to identify structural regions important for [URE3] curing. Roughly one-fifth of 12,000 transformants of a library of mutant alleles were not cured of [URE3]. Among these we selected 110 colonies that had growth rates typical of [URE3] cells. YDJ1 alleles from 100 of them had a nonsense mutation, deletion, or insertion causing a premature stop codon. The remaining alleles encode full-length open reading frames with missense mutations. For all alleles with a single substitution the alteration was in the J domain. Additionally, one mutant with three substitutions had all three mutations in the J domain. As this domain is critical for Hsp40/Hsp70 interaction, these data point to Hsp40 regulation of Hsp70 as an important factor in the curing mechanism.
Notably, although the remaining alleles with multiple substitutions had mutations outside the J domain, all had at least one or more substitutions within the J domain. To test if the J-domain substitutions in these alleles were responsible for the curing defect, we constructed alleles containing only these J-domain mutations. For all of the alleles tested, a single J-domain substitution was enough to block curing (see Figure 1C and Table 1 ). Among these, the mutations of conserved residues L11P and A30T are novel but F47S was previously shown to be important for Hsp70 interaction (Genevaux et al. 2002) , again pointing to a role of Hsp70 in Ydj1p-mediated curing of [URE3]. Thus, altered J-domain function was responsible for the curing defect in all of our randomly isolated Ydj1 mutants. The triple J-domain mutant defective for curing contains substitutions in the three conserved residues D9A, Y26H, and D67A. We constructed alleles with all possible combinations of double and single substitutions of these residues and tested them for [URE3] curing ability ( Figure 1D ). The singly mutated proteins cured [URE3] almost as well as wild type. Double mutants D9A/Y26H and D9A/D67A also cured [URE3] efficiently, but the Y26H/D67A mutant had only partial curing activity (Table 1) . These results show that combining mutations at positions 26 and 67 decreased ability of Ydj1p to cure [URE3], but all three substitutions were required to more fully inhibit the curing mechanism.
The J domain spans amino acids 1-69 and contains four a-helices (Figure 2 ). Helices II and III are important for Hsp70 interaction and helices I and IV provide structural stabilization to these helices. A universally conserved HPD tripeptide motif essential for Hsp40-Hsp70 interaction and stimulation of Hsp70 ATPase resides in the loop joining helices II and III. Half of the noncuring J-domain mutants had substitutions in this motif (H34P, H34Q, P35L, P35R, and D36A). As noted above, when present alone, each of the HPD substitutions blocked curing activity (see Figure 1C and Table  1 ). These data suggest that [URE3] curing by Ydj1p overexpression requires Ydj1p-Hsp70 interaction and that no other Ydj1p activity can fulfill this function.
Mutations outside the J domain did not prevent [URE3] curing: Although the mutagenesis was random and HPD alterations were isolated several times, we did not find mutants without J-domain alterations, which suggested regions outside the J domain are not involved in the curing. To test this hypothesis, we constructed mutations known to disrupt substrate binding, ZFLR function, dimerization or C-terminal prenylation (Caplan et al. 1992b; Li et al. 2003; Fan et al. 2005; Li and Sha 2005) .
Substrate binding region: We altered residues known to be important for substrate binding to decrease hydrophobicity of the peptide binding pocket. Figure  3 illustrates effects of these mutations on [URE3] curing and Table 2 indicates the degree to which efficiency of curing is altered. The I116A substitution, which abolishes binding of a model substrate (Li and Sha 2005) , did not affect curing significantly. Further decreasing hydrophobicity by combining I116A and L137A also had little effect. An additional mutant with the four substitutions I116A, L137A, V248D, and F249A (desig- a This allele was engineered to test the effect of residue D36 alteration, which was not seen among randomly isolated mutations.
b These alleles were engineered to separate mutations of randomly isolated alleles having multiple substitutions. nated 4xSBD), which introduces charge as well as reducing hydrophobicity, was only slightly lower in curing efficiency compared with wild-type Ydj1p. We also tested three other alterations in the ZFLR and CTD (R131G, R213G, and G315D) that are known to disrupt substrate binding and ability of Ydj1 to act as a chaperone. None of these substitutions had a considerable effect on curing. Together these data confirm that substrate binding function is not important for Ydj1p curing of [URE3].
Zinc finger motif: We constructed and tested previously described zinc finger-like region (ZFLR) mutants having substitutions C143S or C201S in the first zinc-binding domain (ZBDI) and C162S in the second (ZBDII). Although all three Ydj1p mutants bind denatured luciferase and stimulate ATPase activity of Hsp70, C143S, and C201S partially inhibit cooperation of Ydj1p with Hsp70 to refold luciferase while C162S completely inhibits this function, indicating that the ZFLR helps transfer substrate to Hsp70 (Linke et al. 2003; Fan et al. 2005) . The C201S mutant was only slightly defective in curing [URE3] and the C143S and C162S mutants cured [URE3] like wild-type Ydj1p (see Figure 3 and Table 2 ). These results suggest that curing does not depend on ability of Ydj1p to transfer nonnative polypeptides to Hsp70.
Dimerization and prenylation: Replacing phenylalanine residue 335 of Ydj1p with aspartate disrupts Ydj1p dimerization (Li et al. 2003) . Ydj1(F335D) cured [URE3] relatively efficiently (see Figure 3 and Table 2 ), showing that dimerization of Ydj1p is not critical for prion curing function.
Ydj1p has a C-terminal farnesylation signal (CASQ). About 20% of Ydj1p is membrane-associated and the Ydj1(C406S) mutant is neither farnesylated nor associated with membranes (Caplan and Douglas 1991; Caplan et al. 1992b ). This mutant cured ony slightly less efficiently than wild-type Ydj1p (see Figure 3 and Table  2 ), indicating that membrane localization is not critical for [URE3] curing.
J domain alone cured [URE3]: Together our findings suggested the J domain of Ydj1p is sufficient for [URE3] curing. While transformants with the control plasmid never had sectors, $1% of transformants overexpressing this domain alone showed red sectors, which reflect progeny of cells that lost [URE3] during growth of the colony, whereas the remaining colonies appeared entirely white. To confirm [URE3] was being lost, cells from five apparently nonsectoring white colonies were pooled, grown overnight in rich medium, and spread onto 1/2 YPD. Ten percent of resulting colonies were found to be [ure-o] (see Figure 4 and Table 3 ). Thus, although the curing was less efficient than with intact Ydj1p, the J domain alone was enough to cure [URE3] .
To stimulate ATPase activity of Hsp70 the J domain requires close association of the GF region, which is thought to help by providing structural stabilization (Huang et al. 1999) . We therefore constructed and Data were generated as described in Table 1 . ZFRL, zinc finger-like region; ZBDI, zinc-binding domain I; ZBDII, zinc-binding domain II.
tested a gene encoding Ydj1 residues 1-104, which includes part of the GF region to add possible structural stability. Ydj1(1-104) overexpression similarly resulted in white colonies with and without red sectors, but transformant colonies contained 2-3 times as many [ureo] cells when tested as above for the J domain alone (Figure 4 and (Kryndushkin and Wickner 2007; Lian et al. 2007) . Since the most highly conserved region among J proteins is the J domain, we anticipated if J-domain function alone was enough to cure [URE3], then the Sis1p J domain would cure [URE3]. We tested this prediction by expressing the Sis1p J domain from the YDJ1 promoter on the same high-copy plasmid. While we did not detect loss of [URE3] among $3000 colonies examined from transformants expressing intact Sis1p, the J domain of Sis1p reproducibly cured [URE3]. Although it cured less efficiently than the J domain of Ydj1p (see Figure 4 and Table 3 ), which might reflect a slightly lower ability of Sis1p to stimulate Ssa1p ATPase (Lu and Cyr 1998) , the J domain of Sis1p eliminated [URE3] at least 80 times more frequently than the intact protein. Thus, the inability of intact Sis1p to cure [URE3] was not due to a functionally distinct J domain.
Failure to cure was not due to reduced Ydj1p expression: To determine if the noncuring Ydj1p mutant proteins were stably expressed at elevated levels, we analyzed Ydj1p abundance by Western blot ( Figure  5 ). Overexpressed proteins were present at widely variable levels, but steady state abundance of the noncuring J-domain mutant proteins was significantly higher than that of endogenous Ydj1p, and all were at least as abundant as the F335D protein, which cured [URE3] efficiently. Moreover, although the A30T and H34Q proteins were very much more abundant than wild-type Ydj1p, they had little or no effect on [URE3] stability. Combined with the fact that any detectable curing would be at least 100-fold more frequent than spontaneous loss of [URE3] (see materials and methods), these results indicate that the lack of curing by these proteins was not due to deficiency in protein expression but rather to altered protein function. [URE3] stability in cells overexpressing truncated versions of Ydj1p and Sis1p that include amino-terminal residues indicated in parentheses was monitored as described in Figure 1 except that ÀUra medium was used for plasmid selection. As in Figure 1 , in this experiment [URE3] was completely stable in cells transformed by empty plasmid and was almost entirely cured from cells transformed by plasmids expressing wild-type Ydj1p (not shown). 98 Ydj1p J domain 10 Ydj1p J domain135 55 Intact Sis1p ,0.03 Sis1p J domain 2.5
Data are averages of four experiments performed as described in Figure 1 . ydj1D spore clones revealed that they all germinated but did not divide more than five times (see Figure 6) Our results are consistent with data from a recent report (Higurashi et al. 2008) curing. Most of these mutations were in the residues of the HPD tripeptide motif, which defines the J domain, or other conserved residues known to be important for Hsp40 to interact with Hsp70 and regulate its activity (Lu and Cyr 1998; Suh et al. 1999; Genevaux et al. 2002) . These results alone suggest the primary mechanism of curing [URE3] by overproduced Ydj1p is through altered regulation of Hsp70 rather than the proposed direct interaction between Ydj1p and Ure2p (Lian et al. 2007) .
The fact that intact proteins with single point mutations in the J domain were unable to cure [URE3] indicates that no other region of Ydj1p can provide this function. Confirming this conclusion we show that all non-J-domain activities are dispensable for curing and that the J domain alone was able to eliminate the prion. In addition to showing that J-domain function is necessary and sufficient for curing, these results demonstrate that substrate binding function of Ydj1p is not required for [URE3] curing. Our data do not exclude the formal possibility that the Ydj1p J domain binds to Ure2p; however, unless such an unexpected interaction occurs, then the mechanism of prion curing does not involve direct binding of Ydj1p to Ure2p, which again points to regulation of Hsp70 activity as the key to Ydj1p curing of [URE3] . Among other things, this conclusion points out the importance of in vivo analysis to explain effects caused by complex chaperone interactions. Curing of [URE3] by the Sis1p J domain shows that the effect is a general one with regard to J-domain function, which attests to the functional similarity among J domains in regulating Hsp70 activity. J domains mediate physical interaction with Hsp70 and are critical for stimulating Hsp70 ATPase activity. The ability of different J domains to cure [URE3] is consistent with earlier data showing that increased stimulation of Ssa1p ATPase by a variety of factors can have an antiprion effect ( Jones et al. 2004) , and suggests that J domains of other J proteins would have a similar effect. In fact, further support of a general function was found recently in that the J domain of Jj j1p, another Ssa1p cochaperone, could cure [URE3], although intact J j j1p could not (Higurashi et al. 2008) . Overexpressing the J domain of Sis1p or Jjj1p restores normal growth to cells lacking Ydj1p, showing they function like Ydj1p . Whether there is a strict correlation between complementation of Ydj1p function and [URE3] curing among other J proteins remains to be tested. With regard to [URE] curing the authors also interpret their results as indicating an interaction of Ydj1p with Hsp70, and suggest that normal recruitment of J proteins to specific locations in the cell, such as Jjj1p to ribosomes, precludes their ability to affect prion propagation.
Since the J domain of Sis1p cures [URE3], the inability of intact Sis1p to cure is not because its J domain functions differently. Sis1p is more widespread in the cytosol and we presume that specific functions of its other structural regions prevent it from interacting with other components of the chaperone machinery, Hsp70 in particular, in a manner that inhibits prion propagation. Both structural and functional differences of type I and type II Hsp40's are mediated by their central regions (Lopez et al. 2003; Fan et al. 2005; Ramos et al. 2008) and it is likely that these regions influence interactions with other chaperones. Although GF regions of various Hsp40's are structurally similar, this region also confers some functional specificity that could contribute to differences in antiprion effects.
Since regions of Ydj1p outside the J domain are dispensable for curing, substrate specificity of curing effects for different prions must be mediated by other chaperones. Members of Hsp100, Hsp70, and Hsp40 chaperone families cooperate to resolubilize and refold aggregated proteins (Glover and Lindquist 1998; Gurley 2000; Zietkiewicz et al. 2004) . Although the Hsp70/Hsp40 system can promote refolding of proteins from smaller aggregates, solubilization of larger aggregates requires the addition of Hsp104. When assayed in vitro, Hsp104 shows refolding activity only in the presence of both Hsp70 and Hsp40. So, while a direct interaction of Sis1p with Rnq1p appears to be important for propagation of the [PIN 1 ] prion (Douglas et al. 2008) , Hsp70 or Hsp104 could be contributing significantly to recognition of prions as substrates. Hsp70/40 are believed to interact first with larger aggregates to make them more accessible to the action of Hsp100 chaperones (Zietkiewicz et al. 2004) , so Hsp70 could be a primary factor for specifying curing effects of chaperone machinery with different prions. The ability of Hsp40 to interact with and regulate specific Hsp70 isoforms could determine which prion will be affected by altered expression of a particular Hsp40.
Hsp40, Hsp70, and Hsp104 are similar in that they all are important for normal prion propagation and yet have antiprion effects when overexpressed. The inhibition of prion propagation by mutants of any of these chaperone families shows that prion propagation in yeast depends on their normal activity to prevent protein aggregation and resolubilize proteins from aggregates. Nevertheless, overexpressing Hsp40 and Hsp70 antagonizes [URE3] but has little or no effect on other prions, while overexpressing Hsp104 cures [PSI 1 ] but not other prions. Although overexpression of a component of the chaperone machinery is usually envisioned to disrupt prion propagation by altering a direct functional interaction of the machinery with the prion, we showed earlier that a structurally altered Hsp104 that was fully functional in both protein disaggregation and prion propagation was incapable of curing (Hung and Masison 2006) . Thus it is likely, at least in some instances, that the curing effect of overproduced chaperones is due to alteration of an unidentified cellular process in a way that interferes with prion propagation rather than a direct effect on chaperone machinery interaction with prion protein. Such a process could involve active transmission of prions from mother to daughter or sequestration or degradation of prion aggregates.
Our data also identify residues important for Hsp40 function. Among the J-domain mutations, L11P and A30T are novel, which suggests these conserved residues are important for Hsp40/Hsp70 interaction. A30 is in close spatial proximity to F47 (see Figure 2 ) and these particular residues may be important to provide proper spacing between helices II and III for structural integrity of the J domain or proper positioning of the HPD motif. L11 is near D9 and directly across from Y26, which is analogous to residues Y25 of E. coli DnaJ and Y24 of human Hdj1p that were shown to be important for Hsp40 function (Genevaux et al. 2002) . These data again suggest these residues might be important for J-domain structure or transmission of signals to Hsp70. Our rearranging of substitutions also showed that other J-domain residues were not important for Ydj1p curing activity. The combination of substitutions K48R, P60L, and D67G had only a modest effect on curing (see Table  1 ), indicating that these residues likely are not critical for structural integrity of the J domain, interaction of Ydj1p with Hsp70, or stimulation of Hsp70 ATPase.
